
Introduction

Due to the natural variability of weather in different 
years, in accordance with the recommendations 
of the World Meteorological Organization and 
its predecessor, the International Meteorological 
Organization (1873-1947), characterization of the 
climate has been based on multiyear, usually 30-year 
periods, beginning with 1901-1930 [1]. In Poland, 
these have been the 30-year periods 1931-1960 [2] and  
1961-1990 [3], as well as longer periods of 40 years 

(1891-1930) for precipitation [4] and 50 years  
(1881-1930) for air temperature [5]. In view of the 
marked increase in air temperature, especially in 
the last two decades of the 20th century [6-10 and 
successive IPCC reports], amounting to 0.2ºC per 
decade on a global scale and 0.3ºC in Poland, the sense 
of using climate normals calculated in this manner 
to characterize current climatic conditions, and even 
more so future conditions, has increasingly come under 
question [11].

The pace of global warming is clearly increasing. 
According to the IPCC’s Fourth Assessment Report,  
it was only 0.045ºC per decade in the last 150 
years, and then 0.074ºC/decade in the last century,  
increasing to 0.128ºC/decade in the last 50 years, to 
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reach 0.177ºC/decade in the last 25 years. The data for 
the years 1979-2012 published in the Fifth Assessment 
Report indicate even higher values of 0.26ºC/decade 
[12-15]. A practical expression of taking climate change 
into account was the replacement of the 1961-1990 
normal with the average from 1971-2000, and currently 
the value for 1981-2010, and a report summarizing 
the warmest decade in the history of instrumental 
observations, i.e., 2001-2010 [16]. In 2021 a new 30-
year base period will begin, covering the mean from  
1991-2020.

In Poland, marked warming has been observed since 
the last two decades of the 20th century. While authors 
analysing material from the first half of the 20th century 
pointed out the occurrence of increasingly warm 
winters, since the last two decades of the 20th century 
they have drawn attention to evident warming not only 
in the winter and spring, but also in the summer [10, 
17, 18]. Warming in Poland in 1981-2010, amounting 
to 0.33ºC per decade, is mainly due to the increase in 
temperature in the summer and spring. The greatest 
increase in temperature takes place in July and April, 
and a somewhat smaller increase in June and August. 
Due to the increase in air temperature, the length of 
the meteorological growing season (from ≥5ºC) has 
increased as well and conditions for thermophilous 
plants have improved.

Global warming is not only an agrometeorological 
problem – the lengthening of the meteorological 
growing period and the possibility of cultivating 
thermophilous plants – but most importantly entails 
changes in freshwater-resources, which are likely to 
have more significant consequences than the increase in 
temperature itself. Climatic resources expressed as the 
values of individual elements or climatic indices, as well 
as composite indices, have spatial variation determined 
by geographical climate factors and are expressed 
graphically on maps, usually using isolines. In Witek 
and Górski’s [19] valuation of the agricultural production 
space of Poland, based on material from 1958-1967, the 
authors deliberately did not attempt an agroclimatic 
regionalization understood as a delimitation of distinct 
climate regions, as they believed that spatial variation of 
all climate elements is of a continuous nature, so that 
there is an infinite number of equally valid divisions. 
However, most authors dealing with variation in the 
climate or agroclimate of Poland, such as Gumiński [20], 
Romer [21], Schmuck [22], Cherszkowicz [23], or Bac 
[24], distinguish such regions. In contemporary studies 
on the consequences of climate change for agricultural 
production for the whole of Europe, Poland is included 
in the northeastern region, which also includes the 
Czech Republic and Slovakia [25], or in a continental 
zone covering an area that is slightly wider to the east 
and southeast of the aforementioned region [26]. These 
are approaches on a continental scale, concerning 
climate variation according to the degree of suitability 
for agriculture. The present study is on the scale of a 
single country and concerns the division of a country, in 

this case Poland, into smaller climate units.
The subject of the study is the evolution of regional 

variation in pluviothermal conditions in Poland from 
the second half of the 20th century to the first decade 
of the 21st century, with an observed increase in air 
temperature but no clear trends in precipitation. The aim 
of the study is to show the increase in the area of warm 
and dry areas as global warming progresses.

Material and Methods 

The source data were the average monthly air 
temperature values and monthly precipitation totals 
from 1971-2010, obtained from PIHM and IMGW 
published and archival data. The data were from  
53 meteorological stations distributed evenly across 
Poland. Mountain areas were omitted in the study due 
to the small number of meteorological stations located 
in these areas. The materials have been verified and 
in some cases the method of finite differences was 
used. Thermal conditions for the growing season were 
characterized by the sum of effective temperature 
≥10ºC, and the humidity conditions by Sielianinov’s 
hydrothermal coefficient K for June-August. The sum 
of temperatures ≥10ºC was calculated on the basis of 
long-term average air temperatures following prior 
determination of the dates when the temperature passed 
the 10ºC threshold.

Three thermal regions were distinguished with a 
temperature sum ≥10.0ºC in ranges of 2000-2400ºC, 
2400-2800ºC and 2800-3200ºC, designated as 
moderately cool, moderately warm and warm, and three 
humidity regions, with hydrothermal coefficient K<1.3, 
1.3-1.6 and >1.6, designated as moderately dry, optimum 
humidity, and humid. The K coefficient, as in the study 
by Cherszkowicz [23], was calculated for the period 
from June to August according to the formula K = 10P/t, 
where P is the precipitation total and t is the sum of 
daily air temperature values, which was calculated after 
prior establishment of the dates when the temperature 
passed the 10ºC threshold.

Three regionalizations of Poland’s climate based on 
thermal and precipitation criteria were presented for the 
periods 1971-2000, 1981-2010, and the assumed scenario 
of +1ºC with respect to 1981-2010. The results of the 
study were compared with the study by Cherszkowicz 
[23] using the same method for the earliest period,  
1931-1960, before evident climate warming.

Results and Discussion

In the period 1931-1960 analysed by Cherszkowicz 
[23] the northern part of Poland, i.e., the Baltic Coast 
and the Pomeranian Lakeland, together with small 
areas including the Świętokrzyskie Mountains and the 
lower parts of the Carpathian Mountains and Sudetes, 
covering a total area of 39% of Poland, is occupied  
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Fig. 1. Pluviothermal regions in Poland in 1931-1960.

Fig. 2. Pluviothermal regions in Poland in 1971-2000. Legend: as for Fig. 1.
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by a moderately cool region with a temperature sum 
of 2000-2400ºC. The rest of central and southern  
Poland, with a surface area of 61%, is occupied by a 
moderately warm region with an average temperature of 
2400-2800ºC (Fig. 1).

In the period 1971-2000, with a marked increase in 
air temperature, especially since the last two decades 
of the 20th century, the area of the moderately cool 
region, generally in the northern and northeastern 
parts of Poland, decreases to 37%. At the same time, 
the moderately warm region, with a temperature sum 
≥10ºC of 2400-2800ºC, increases to 62%. The area of 
the driest region, designated as moderately dry, with 
a hydrothermal coefficient K ranging from 1.0 to 1.3, 
increases from 13% to 20% of the area of the country 
and initially covers only the west-central part of Poland 
(Fig. 2). 

In the period 1981-2010, the area of the moderately 
cool region decreased to 14% and thus the area of the 
moderately warm region increased to 87% as compared 
to the period 1971-2000. The area of the moderately dry 
region increased to 46% (Fig. 3).

With a temperature rise of 1ºC, the moderately cool 
region is clearly vanishing, while a warm region appears, 
in which the sum of temperatures ≥10ºC reaches values 
between 2800ºC and 3200ºC, and occupies 26.1% of 
Poland. This region is located in the southwestern part 
of Poland, with the exception of the Sudeten Foothills 
and Sudeten Mountains (Fig. 4).

With respect to humidity conditions, the warm 
region can be divided into the following parts:
1)	 Moderately dry – occupying 17.2% of Poland, which 

will be in the western part of the Wielkopolska 
Lakeland and the Wielkopolska Lowland. This 
includes small areas in the vicinity of Pulawy and 
Sandomierz.

2)	 Optimum humidity – occupying 7.1% of Poland, 
which will be in the southeastern part of the Silesian 
Lowland, the western parts of the Silesian Upland, 
the southeastern part of the Małopolska Upland and 
the southern parts of the Sandomierz Basin.

3)	 Humid – occupying 1.8% of Poland, located in the 
Carpathian Mountain range in the vicinity of Nowy 
Sącz (Fig. 4). 
In other parts of Poland we can distinguish a 

moderately warm and moderately dry region, a 
moderately warm region with optimal humidity, and a 
moderately warm and humid region. The moderately 
warm and moderately dry region, occupying 48% of 
Poland, will be in the western part of the Baltic Coast, 
in the southern parts of the Pomeranian Lake District, in 
the northern part of the Wielkopolska Lakeland, in the 
Mazovian Lowland, and in the Lublin Upland (Fig. 4).

The moderately warm region with optimum 
humidity, occupying 22% of Poland, will be in the 
central and eastern parts of the Baltic Coast, the 
northern regions of the Pomeranian and Masurian Lake 
Districts, and also in the Sudeten Foothills, the eastern 

Fig. 3. Pluviothermal regions in Poland in 1981-2010. Legend: as for Fig. 1.
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part of the Silesian Upland, and the western part of the 
Małopolska Upland and Sandomierz Basin (Fig. 4).

The moderately warm and humid region, occupying 
2.8% of Poland, will be in the Beskidy Mountains, 
Carpathian Foothills and Sudetes (Fig. 4).

The agroclimatic regionalization of ​​Poland presented 
here is a general regionalization that does not take into 
account the requirements of specific groups or species of 
crops. The main motivation for conducting the research 
by assessing the thermal conditions for plant growth 
using the effective sum of temperatures ≥10ºC and 
humidity conditions using Sielianinov’s hydrothermal 
coefficient for the period from June to August was 
the existence of such a study based on materials from 
1931-1960, and thus prior to pronounced climate 
warming [23]. To track changes in the range and area 
of pluviothermal regions, two periods recommended 
by the World Meteorological Organization as climate 
normals were chosen, i.e., 1971-2000 (the old, previous 
normal) and 1981-2010 as the new normal. The third 
regionalization for the temperature increase of 1ºC was 
chosen as one of the possible options for a further step 
in time. Assuming a warming rate of 0.33ºC per decade 
for the period 1981-2010 for ​​Poland, such a state would 
be 10 years ahead of the publication of the study, i.e., 
2028.

Mountain areas were omitted from the 
regionalization. It is not precisely possible to assess 
contemporary climate change in Polish mountains due 

to the lack of long-term meteorological observations 
in this area, the elimination of a large number of 
meteorological stations in recent decades and the 
lack of current regional studies of the contemporary 
climate of mountain areas. As the fundamental causes 
of global warming are of a global nature, it is possible 
to use research from neighbouring lowland areas and 
other mountain areas of Europe [27], as well as results 
from the few Polish mountain stations [28]. For the 
Carpathian Mountains, the work of [29] for Slovakia on 
agroclimate regionalization of viniculture for selected 
climate change scenarios can be used with some degree 
of approximation. A key issue in the characterization of 
climate change in mountainous areas is assessing how 
high the traditional vertical climate zones have risen 
during the period of marked climate warming, which 
can be considered to be the last two decades of the 20th 

century and the start of the 21st century.
Although agriculture as a sector of the economy 

has always been strongly dependent on the variable 
weather conditions each year, in 2005 the issue of 
climate change was still not included in the Rural 
Development and Agriculture Strategy for 2007-2013 
as prepared by the Ministry of Agriculture and Rural 
Development (with elements of prognosis up to 2020). 
This need is acknowledged in the document developed 
by the Institute of Environmental Protection – National 
Research Institute in 2013, titled ‘Adaptation of sensitive 
sectors and areas of Poland to climate change by 2070’. 

Fig. 4. Pluviothermal regions for a scenario assuming an air temperature increase of 1ºC with respect to 1981-2010. Legend: as for Fig. 1.
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The document shows that the problem of adaptation 
of individual sectors of the Polish economy to climate 
change is still new, and uncertainty about the size and 
direction of these changes and their consequences is so 
great that research in this area must be undertaken and 
continued.

One of the research directions that climate 
warming has given rise to is the possibility of growing 
thermophilous plants in Poland, especially grapevines 
[30, 31]. Other positive characteristics of warming 
include the prolongation of the meteorological growing 
period, indicated in numerous publications [32-34].

But global climate change is not just global warming. 
Changes in freshwater resources appear to be more 
important than the rise in temperature in terms of their 
consequences [35]. The increase in evapotranspiration 
due to the increase in air temperature, in the absence 
of clear trends in precipitation in Poland, means that 
the negative consequences of climate change outweigh 
the expected benefits. For this reason pluviothermal 
regionalizations in which water resources are not 
associated with thermal resources are unsuitable for 
detecting changes in water resources. Despite the 
increase in air temperature, they will not show the 
decrease in water resources.

Cherszkowicz’s regionalization [23], on the other 
hand, where heat resources are expressed as the sum 
of active temperatures ≥10ºC and water resources 
are expressed by a hydrothermal coefficient relating 
precipitation to air temperature, is perfectly suited for 
this. This is not the only method for detecting regional 
changes in water resources. Any thermal-humidity 
regionalizations in which water resources are expressed 
by water balance values are also very well suited for this. 

Water balance can be calculated in very different ways, 
such as Palmer’s method or standardized precipitation 
[36, 37]. Another example is a study by Ziernicka-
Wojtaszek and Zawora [38], which estimated the changes 
in thermal resources and the climatic water balance in 
Poland in two successive normal periods recommended 
by the World Meteorological Organization (WMO), 
1971-2000 and 1981-2010. Thermal resources were 
defined by the temperature sum, and the climatic water 
balance was calculated as the difference between the 
precipitation sum and the sum of potential evaporation, 
determined by the Thornthwaite method (1948).

A novel aspect of the study is the image of 
pluviothermal regions for agricultural purposes for the 
new 1981-2010 normal, for which we do not yet have 
an officially published Climatic Atlas of Poland. The 
latest published Lorenc Atlas [39] pertains to the old  
1971-2000 period.

To sum up, the research results, despite different 
methods and periods, are generally consistent with the 
picture of changes in agroclimatic conditions diagnosed 
for central Europe for the period 1961-1990 and selected 
climate change scenarios for 2020 and 2050 [40]. The 
research shows that over the past few decades the 
assumption that the agroclimatic conditions of this area 
remain relatively stable has been undermined by ongoing 
climate change. Initially, elevated air temperature leads 
to a prolonged growing season and significant shifts in 
agroclimatic zones. Areas that are currently the most 
productive will be reduced and replaced by regions with 
warmer but drier conditions. At the same time, there 
is a risk, as water shortages are becoming relatively 
frequent in places where they had not previously 
occurred. The pace of the changes may be so rapid 

Period Humidity region and hydro-
thermal coefficient

Thermal region and effective temperature sums ≥10ºC

Cool 
1600-2000

Moderately cool
2000-2400

Moderately warm 
2400-2800

Warm  
2800-3200

1931-1960

Moderately dry 1.0-1.3 1 12

Optimal humid 1.3-1.6 18 37

Humid  >1.6 20 12

1971-2000

Moderately dry  1.0-1.3 1 19

Optimal humid 1.3-1.6 1 33 36

Humid  >1.6 3 7

1981-2010

Moderately dry 1.0-1.3 0.3 46

Optimal humid 1.3-1.6 13 33.5

Humid  >1.6 0.2 7

Scenario assuming an 
air temperature increase 
of 1ºC with respect to 

1981-2010

Moderately dry 1.0-1.3 48 17.2

Optimal humid 1.3-1.6 1.1 22 7.1

Humid >1.6 2.8 1.8

Table 1. The area of designated pluviothermal regions for mean values for the period 1931-1960, 1971-2000, 1981-2010 and a scenario 
assuming an air temperature increase of 1ºC with respect to 1981-2010 (given as % of the Poland area).
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that area development planning for agriculture taking 
into account climatic conditions may quickly become 
obsolete, due to the rapid and continuous change in heat 
and moisture conditions.

Conclusions

1)	 The increase in the mean area annual air temperature 
in the last three decades in Poland is estimated at 
about 0.3ºC per decade. In the years 1971-1980 
the mean annual air temperature was 7.6ºC. In the 
decade 1981-1990 it increased to 8.0ºC. In the years 
1991-2000 the average annual temperature had 
already reached 8.3ºC, and in 2001-2010 it was as 
high as 8.6ºC.

2)	 A consequence of the increase in air temperature is 
the systematic decrease in the area of the moderately 
cool region with a sum of temperatures ≥10ºC within 
the range 2000-2400ºC, from 39% in 1931-1960 to 
37% in 1971-2000 and 14% in the 30-year period of 
1981-2010.

3)	 With the decreasing surface area of the moderately 
cool region there is an increase in the area of 
the moderately warm region with the sum of 
temperatures ≥10ºC in the range of 2400-2800ºC, 
from 61% in 1931-1960 to 62% in 1971-2000 and 
87% in 1981-2010.

4)	 As climate warming progresses, in the absence of 
clear precipitation trends, the climate of Poland is 
becoming more arid. Areas classified as dry with a 
hydrothermal coefficient of 1.0-1.3 increased their 
surface area from 13% in the period 1931-1960 to 
20% in the 30-year period of 1971-2000, and 46% in 
the 30-year period of 1981-2010.

5)	 Global warming initially improved the humidity 
conditions in Poland, as the area of the optimum 
humidity region increased from 55% to 70% in the 
periods of 1931-1960 and 1971-2000. In the 30-year 
period of 1981-2010, the optimum humidity region 
decreased to 47%.

6)	 With an assumed 1ºC increase in air temperature 
as compared to the current 1981-2010 normal, the 
moderately warm region with a sum of temperatures 
≥10ºC in the range of 2400-2800ºC will cover almost 
73% of the area of Poland. There will also be a new 
thermal region – warm with a sum of temperatures 
≥10ºC in the range of 2800-3200ºC, covering 
almost all of the rest of the country. The area of the 
dry region will increase to more than 65% and the 
optimum humidity region will decrease to slightly 
over 30%.

7)	 The region most vulnerable to drought due to 
progressive warming and decreasing precipitation 
efficiency is the southwestern part of Poland, with the 
lowest precipitation – especially in the warmer half 
of the year, the highest temperature, and the highest 
values for the hydrothermal coefficient. In particular, 
this is the southwestern part of the Pomeranian 

Lakeland, the Wielkopolskie Lakeland, the South 
Wielkopolska Lowland and the Silesian Lowland.

8)	 Further detailed research is required to establish 
which areas are most vulnerable to the negative 
effects of drought caused by the increase in air 
temperature due to global warming, where adaptation 
measures should be undertaken first. The present 
study focused more on the problem of the expansion 
of the dry zone rather than the intensification of 
drought in the regions that have been the driest to 
this point.
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